polishings by the Dutch research workers W F Donath and B C P Jansen in 1926, and was first synthesized ten years later by the American Robert R Williams and his coworkers. Those involved in this research were impressed by its signifiance: for Jansen, the beriberi research generated the modem science of nutrition; for Williams it paved the way for the elimination of a disease that had brought suffering and death to millions.2 During the 1920s, commercial companies had developed techniques for adding vitamins to processed foods, a process known as fortification,3 and following the synthesis of thiamine, Williams became convinced that the eradication of beriberi might be achieved by the distribution of thiamine-enriched rice in countries where the disease was endemic.
The path from Funk's insight to the implementing of rice enrichment programmes was far from smooth, however, either scientifically or administratively. Between 1911 and 1933, scientists struggled to elucidate the anti-beriberi vitamin, while the question of whether to encourage the enrichment of rice supplies with synthetic thiamine became an issue of importance for the food and health agencies of the United Nations in the decades after World War II. Superficially unrelated, the scientific arena of the 1920s and 1930s, and the administrative policy arena of the 1950s and 1960s were linked by the field observations of two British scientists, W R Aykroyd and B S Platt, whose early work on beriberi carried them to positions of influence in the world of international agencies and global policies which emerged as a principal determinant of change in developing countries after 1945.4 It was Williams Worboys suggests led colonial medical officers to argue the importance of the general effects of diet as against attention to specific deficiency disease (a structural rather than a technical solution), extended beyond the colonial medical service. It related to nutritional concerns at home in Britain, and in this respect shaped the intellectual background of young scientists coming into the nutrition field in the later 1920s. Ever since the Interdepartmental Committee on Physical Deterioration had reported in 1904 that incorrect choice of food was "prominent among the causes to which degenerative tendencies might be assigned", nutrition had formed a continuing theme in British public health concern.'0 By the inter-war period, there was a rising interest in the social and economic context of nutrition. As A L Bacharach, then a researcher at the Glaxo nutrition research laboratories, later noted, "an increasing interest in the scientific bases of nutrition accompanied a growing awareness that diet and health were closely connected . . . People were beginning to wonder . .. at the patent correlation between disease and poverty"." l Dietary surveys in Britain and elsewhere established links between low incomes, inadequate diets and poor health, while the publication, in 1932, of Audrey Richards' dietary study of the Bemba people of Northern Rhodesia brought an anthropological perspective to the emergent discipline of nutrition. "The fact is," wrote Richards, "that nutrition in human society cannot even be considered apart from the cultural medium in which it is carried on".12
It was against this complicated intellectual background that Wallace Aykroyd and Ben Platt embarked on their own studies of beriberi in the years between 1925 and 1932. Aykroyd's Study ofBeriberi Beriberi, which is caused by lack of thiamine in the diet, was widely prevalent in the Far East in the 1920s. It was endemic in India, China, Hong Kong and Japan, in Malaysia, the East Indies and the Philippines; it was also reported from all parts of Africa, and was a serious problem in South America and the West Indies.13 As with other deficiency diseases, scientific research into the causes of beriberi was largely dominated by the laboratory in the early years of the century.'4 After 1918, however, medical interest in the tropics expanded, and with the establishment of colonial research institutes and of research interest among local doctors, the etiology and epidemiology of beriberi also began to receive attention. In India, Robert From the beginning, Aykroyd was aware of the wider implications of his study. "While such work would be of scientific interest", he wrote in his fellowship application, "it would have an important social bearing. Recommendations could be made to the Newfoundland government as to the best way of dealing with their food problem". Significantly he added, "Beriberi has not so far been studied clinically with reference to laboratory research work of recent years".'7 The observations which Aykroyd made during the course of his study confirmed his initial lines of thought, shaped his approach to health and nutrition, and, as his career developed, became influential in shaping international approaches to nutritional problems.
Aykroyd's beriberi study is a small masterpiece of epidemiological observation and analysis. Drawing on hospital records, and information supplied by local doctors, he began by noting that beriberi had become common among the Newfoundland coastal communities in the early years of the twentieth century, and had been endemic ever since. In the 1920s, however, it had become increasingly less frequent. The appearance of beriberi was associated with the replacement of wholemeal by white flour as a staple winter food. By custom and necessity, the outlying communities of Newfoundland laid in winter stores during November and December to last them through to the following May and June, when the snows vanished and communication with the outside world again became possible. In the late spring months, notably among the poorest families, food shortages became pressing; the seasonal curve of hospital admissions for deficiency diseases, including beriberi, showed a clear peak in April, May and June. Careful inquiry revealed that the families who suffered from these diseases were the very poorest, whose diet was rapidly reduced to white bread, with some salt meat and molasses, in the winter. Families on slightly higher incomes, whose stores included a fair supply of potatoes, did not suffer from beriberi.18
The conclusions which Aykroyd drew from this study were plainly informed by consideration of the wider problem of tropical beriberi. The findings with regard to Newfoundland were clear: here beriberi was "indirectly the result of poverty and the 15 Earle's policy as Director of the Henry Lester was to emphasize that "disease is a general biological problem and that all medical research should have a fundamental philosophical background if it is to be intelligently pursued".36 Platt was clearly influenced by this approach, which seems to have guided his thinking on nutritional deficiency disease along the lines which Aykroyd had already begun to formulate. His principal research work at the Henry Lester was on beriberi, albeit in biochemical research and clinical investigation.37 Platt's interests were not limited to the laboratory and the clinic, however, but encompassed the social context of the disease. His work on infantile beriberi, for example, led him to study Chinese methods of infant feeding, and to the observation, in which may be traced echoes of Audrey Richards, that "In any attempt to improve the dietary of a community, it is preferable to evolve from existing practices rather than indiscriminately to substitute foreign ones. It is obvious, then, that these indigenous practices must be known and preferably understood".38 Many years later when, as a dying man, he addressed his last nutrition class at the LSHTM, he gave a vivid description of fulminating beriberi as he had seen it in young factory workers in Shanghai in the 1930s. He had been deeply angered by the knowledge that these youngsters died because they "were forced to work when they were badly fed", and it was this anger that fuelled his laboratory researches and helped him to develop an outlook which saw "the science and logistics of nutrition as inseparable from economics and sociology as well as from medicine and health". "food ecology" whose integrity it was thought essential to maintain. The application of this policy was evident in regard to beriberi, the disease which had helped both men to formulate their ideas on malnutrition; and in its application, it provoked a clash of scientific cultures which revealed that the perspectives of the new professional appliednutrition scientists had departed radically from those of the traditional, laboratory-based nutrition scientists.
The The search for vitamin B1 and the synthesis of thiamine dominated the first half of Williams's life; a mission to eradicate beriberi dominated the second. With the development of the synthetic vitamin, it became possible to produce dietary supplements and to add synthetic vitamins to staple cereals for public health purposes. This is the process known as enrichment. For the eradication of beriberi, a "premix rice" was developed, coated with the synthetic vitamin, which was to be mixed with ordinary supplies of polished rice in due proportion. There were problems with premix rice: it was more expensive than ordinary rice, and in cultures where it was traditional to wash rice before cooking or to boil it in plenty of water, rather than effectively steaming it in a small quantity, up to thirty per cent of the added thiamine could be lost in preparation.65 Such drawbacks weighed little with Williams: he was a tireless advocate of enrichment, whether to prevent pellagra in the southern United States or beriberi in Asia, or to improve public health anywhere.66 The necessity of enriching rice in beriberi endemic areas was his particular passion, although he was unable to secure its adoption on any significant scale during his lifetime.
Williams's failure with rice enrichment went deep. He blamed the FAO, and in particular "British and European scientists and their pupils in Asia".67 He thought that they viewed as suspect any commercial interests in connection with any public health measure, and that because he had patented his synthetic thiamine process both he himself and rice enrichment had been cold-shouldered by the UN's nutrition establishment. Widely honoured in America, Williams could not understand how it was that, despite his work on beriberi and his study of the rice trade in Asia, he was never invited to attend FAO or WHO conferences, and that the UN never offered any encouragement to rice enrichment programmes in Asia.68 Williams was bitter. "My record", he felt, entitled him to involvement in the work of the international agencies, and he counted it as "the greatest disappointment of my life" that no one in the UN supported his rice enrichment policies for Asia.69 It was not to be expected that he would recognize himself as an outsider; but the international nutrition community had effectively established itself during the 1930s, when Williams was in his lab at Bell, and it was not a community with which he had established links. Between 1915 and 1925, Williams February 1952 . By this time the rice enrichment programme was in the throes of transition from subsidized experiment to self-supporting, commercially based operation, and encountering considerable difficulties. These, Williams considered, detracted from the scheme's overall impact on the survey team. The published version of the team's report, although it praised the Philippine effort, detailed the financial and organizational difficulties and stated clearly its conviction that rice enrichment, however fully implemented, "cannot be regarded as a substitute for the general improvement of the poor rice-eaters"' diet by increasing supplies of other cereals and protective foods. 75 The details of Williams's grievances and of the FAO team's conclusions cannot be explored here; but the clash of perspectives is almost audible. Williams In the final event, the importance of beriberi for public health nutrition transcended the contentious issue of enrichment and fortification.96 Research on beriberi convinced key nutrition workers that deficiency disease was the extreme manifestation of general malnutrition, and in this sense beriberi helped to determine the FAO's brief for a general improvement in living standards, for a world food policy aimed at long-term improvement across the nutritional spectrum rather than at short-term, piecemeal attacks on specific deficiency diseases. The increasing complexity of the post-war development field, the involvement of WHO, and the growing obsession of the international nutrition community with protein-energy malnutrition, are all likely to have contributed to the favouring of single-sector interventions in the 1950s and 1960s. The beriberi story testifies, however, to the existence of competing technical and structural solutions to nutritional problems from the earliest emergence of applied nutrition as a discipline in the 1920s, as well as to the subsequent continuing play between the two approaches in the wider fields of applied nutrition and development planning. 
